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The ef fec t  of space f l i g h t  factors,  acceleration, vi-  
bration, ionizing radiations, and the  complex action of 
dynamic and radiation factors on some functions and oxida- 
t i on  metabolism of the  central  nervous system are con- 
sidered. The combined effect  of these factors  on ce l l  
division i n  hematopoietic t issues ,  as w e l l  as the  e f f ec t  
of acceleration on cerebral blood flow are studied. 

dynamic and radiat ion factors stem from numerous combined 
action mechanisms. 
of c e l l  divis ion and on the reactions of the central  
nervous system cannot be ignored. Such factors  as protec- 
t i v e  inhibit ion,  parabiotic phenomena, or igin of dominant 
foci ,  play a s ignif icant  p a r t  i n  the  cent ra l  nervous 

The var ie ty  and complexity of the  results of combined 

The oxygen e f f ec t  on t he  processes 

system reactions t o  combined action. Aix;t-xph. 

The conditions t o  which l i v ing  organisms are exposed during space .P 
f l i g h t  are unusual because several  factors operate on them simultaneously o r  

consecutively--acceleration andvibration, then weightlessness, and, inevitably,  

i r rad ia t ion  t o  a greater or  lesser degree. This set of factors  e l i c i t s  an in- 

t eg ra l  reaction of the  body which can be studied from a var ie ty  of indices. 

A simple consideration of t h i s  general reaction reveals something about the  

extent of involvement of a given factor  i n  the  or igin of cer ta in  functional 

changes. B u t  t h i s  i s  not enough for  analysis of t h e  physiological mechanisms 

of t he  phenomena. Study of the  reactions t o  t h e  combined ef fec ts  of several  

fac tors  under actual  space f l i g h t  conditions m u s t  be supplemented by experi- 

mental simulation of t he  factors,  singly and i n  combination, i n  laboratory. 

O u r  earlier investigations showed, i n  l i n e  with other published data, 

t ha t  complex and sometimes unexpected reactions arise when d i f fe ren t  factors  
"Numbers given i n  t h e  margin indicate t h e  pagination i n  the  or ig ina l  foreign 
text. 
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are combined. 

ing 

the  reaction e l i c i t e d  by each factor used by i t se l f .  

thought it worthwhile tocompare the  e f fec ts  of t he  individual factors  and bom- 

binations thereof applied at different t i m e s  and with d i f fe ren t  in tens i t ies .  In  

simulating these actions i n  t h e  laboratory, we evaluated the reactions from a 

In general the results of two d i f fe ren t  factors  (whether act-  

simultaneously or consecutively) s t i l l  cannot be predicted on the  basis of 

For t h i s  reason w e  

var ie ty  of functional indices. 

Some of the matters examined i n  t h i s  report  represent the jo in t  e f f o r t s  of 

a t e a m  of investigators,  e.g., impairment of the hemodynamics of the  central  

nervous system ( r e l a t ed  purely t o  a l tered gravi ta t ional  conditions). Others, 

such as functions of t h e  central  nervous system, vestibular apparatus, oxida- 

t i on  processes, and c e l l  division i n  hematopoietic organs are considered from 

t h e  standpoint of the  effects of both individual factors  (acceleration, vibra- 

t ion,  and i r rad ia t ion)  and various combinations thereof.  

1. Effect of Dynamic Factors on Cerebral Hemodynamics and 
Central Nervous System Function 

Under a l te red  gravi ta t ional  conditions s ignif icant  impairment of general 

and, even more important, central  hemodynamics i s  possible. There i s  a ten- 

dency t o  a t t r i bu te  some of the specific symptoms tha t  arise a f t e r  exposure t o  

posi t ive acceleration t o  changes i n  c i rculat ion.  This applies,  i n  par t icular ,  

t o  impairment of vision and l o s s  of consciousness. 

vessels  with blood w a s  found t o  change s igni f icant ly  following a change i n  ac- 

celeration of as l i t t l e  as a fract ion of 1 g (1, 2).  

The f i l l i n g  of cerebral  

On the  other hand, t o  

judge by oxygen saturat ion of venous blood, t he  cerebral blood flow remains 

~ constant during posi t ive acceleration of about 4-5 g f o r  10 sec approx. (3). 

However, the  investigations involved highly t ra ined subjects.  Despite the  

prevail ing v i e w ,  the f e w  d i r ec t  investigations on in t racran ia l  blood flow 
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during a c c e l e r a t i o n  i n d i c a t e  tha t  ce reb ra l  hemodynamics i s  mor&. 

r e s i s t a n t  t o  p o s i t i v e  acce lera t ions  than  one might expect c4, 5 ,  61. 

The mechanisms of s t a b i l i z a t i o n  of t h e  ce reb ra l  blood flow have 

been l inked  t o  the  balance of venous flow and s h i f t s  of f l u i d  c7, 81. 

Moskalenko, Benua, and Craunov C93 examined t h e  mat te r  from t h e  

t h e o r e t i c a l  standpoint.  As t h e  authors  note,  t h e  curve showing 

f i l l i n g  of the  ce reb ra l  vesse ls  w i t h  blood i s  s i m i l a r  t o  t h a t  f o r  a 

hydromechanical model only i n  the lower ve r t eb ra t e s .  The physiological  

component can be c l e a r l y  dis t inguished i n  analogous r eac t ions  

i n  t h e  higher  animals and man, but t h e  curve showing changes i n  

blood f i l l i n g  d i f f e r s  s i g n i f i c a n t l y  from the  exponential .  

The l i m i t  of compensation c a p a b i l i t i e s  i n  cardiovascular  r eac t ions  

t o  a c c e l e r a t i o n  can be c l e a r l y  determined i f  v i s u a l  d i s turbances  are 

used as a c r i t e r i o n  of blood supply de t e r io ra t ion .  According t o  the  
b ram 

A 

l i t e r a t u r e ,  t h i s  symptom invar iab ly  appears when c e r t a i n  values  of /4 
s c c e l e r a t i o n  and exposure a r e  achieved C61, as i f  t h i s  phenomenon were 

determined by t he  i n t e r a c t i o n  of purely mechanical f ac to r s .  

Nevertheless,  t h e  s t a t e  o f  cerebral  hemodynamics i s  u l t i m a t e l y  

determined by t h e  neuroref lex  mechanisms. F u t i l e  a t tempts  t o  d’amnnstrate 

t h a t  t h e r e  i s  a d i r e c t  regula tory  inf luence  on the  c e n t r a l  ves se l s  

gave r ise t o  t h e  not ion t h a t  t h e  cerebra l  blood vesse l s  c o n s t i t u t e  a 

s e l f - r e g u l a t i n g  system a f fec t ed  by metabolic condi t ions  [ lo,  111. 

Some recent  f ind ings  suggest t h a t  ex t r ace reb ra l  r e f l e x  mechanisms 

inf luence  the  ce reb ra l  blood vessels  c121. I f  t h e  r e s i s t a n c e  of t h e  

ce reb ra l  blood vessels/could be increased by t r a i n i n g ,  i t  would be 
t o  acce le ra t ion  

d i f f i c u l t  t o  conceive of t h i s  process occurr ing without t he  p a r t i c i p a t i o n  
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of t h e  c e n t r a l  r e f l e x  mechanisms. 

I n  our  experiments on a centr i fuge$ w e  subjected r a b b i t s  t o  

p o s i t i v e  longi tudina l  acce lera t ions ,  about 5 g i n  t he  head region 

and about 10 Q i n  t h e  pe lv ic  region. The ce reb ra l  blood flow w a s  record- 

ed i n  large vesse l s  on the  bra in  sur face  and i n  t h e  a n t e r i o r  l ong i tud ina l  

s inus  by means of a temperature-sensit ive element. The animals received 

s e v e r a l  3-second exposures i n  succession at 30-minute i n t e r v a l s  5-12 

t imes a day f o r  a few days. The i n i t i a l  e f f e c t s  i n  a l l  t he  animals 

were a b r i e f ,  s l i g h t  decrease i n  the blood flow, f o l l o  d by a sharp 

decrease the  end of t h e  exposure. 

(5 I n t e g r a l  values of t h e  cerebral  blood flow were recorded with a 

d i f f e r e n t  t ime constant ,  i.e., 1 2 ,  20,  and 60 seconds. Fig. 1 shows 

the  i n t e g r a l  values  of t h e  blood flow f o r  t h e  60 seconds during which 

4 30-second exposure took place. It i s  evident  t h a t  t h e r e  w a s  no 

change i n  t h e  blood flow on the  f i r s t  day of t h e  experiment during 

t h e  f i r s t  cen t r i fuga t ion .  Then the devia t ions  with t h e  + sigh appeared, 

and by the  end of t he  day w i t h  the same exposure t h e r e  was a marked 

decrease i n  t h e  blood flow. The blood flow decreasedon the  second day 

during the  f irst  exposure and i t  continued t o  decrease dur ing  sub- 

sequent exposures on t h e  same day. A f t e r  a 24-hour i n t e r r u p t i o n ,  

i.e., on t h e  t h i r d  day of t he  experiment, t h e  r e a c t i o n  t o  t h e  f i rs t  

exposure w a s  p o s i t i v e ;  i t  became negative only dur ing  t h e  l a t e r  ex- 

posures. On t h e  f o u r t h  day (with no i n t e r r u p t i o n )  t h e  e f f e c t  was 

much weaker and s t a b i l i z a t i o n  set in. 

4 
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Fig. 1. Deviation of i n t e g r a l  minute values  of  t h e  ce reb ra l  
blood flow from the  mean leveL at rest. The d a t a  
p e r t a i n  t o  t h e  r o t a t i o n  period i n  seve ra l  successive 
a c t i o n s  f o r  4 experimental days (1, 2, 3 ,  4 - r o t a t i o n  
days ) . 
Abscissa - time i n  minutes 

Roman numerals - ordina l  numbers of t h e  exposures 
during a s i n g l e  day 

In Fig. 2 ,  where abnormalit ies i n  t h e  blood flow a t  t h e  time of 

r o t a t i o n  are shown, t h e  blood f l o w  i s  in t eg ra t ed  f o r  6-12 sec  i n t e r v a l s .  

This diagram c l e a r l y  shows t h e  e f f e c t s  of cumulation and subsequent 

s t a b i l i z a t i o n .  The r e a c t i o n  i n t e n s i f i e d  up t o  t h e  4 t h  exposure, but 

weakened a t  t h e  5th. Then i n  order t o  "disrupt"  t he  process o f  

s t a b i l i z a t i o n ,  t h e  i n t e r v a l  between exposures w a s  shortened t o  5 minutes. 

The r e a c t i o n  i n t e n s i f i e d  and again s t a b i l i z e d  a t  t h e  8 t h  or 9 t h  exposure. 

The r eac t ion  i n t e n s i f i e d  again only xxEBar a lengthening of t h e  exposure, 

when t h e  r e a c t i o n  w a s  eubj&aC@ t o  t h e  l a w  of cumulation. 
once mor& 
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Deviation i n  blood flow l e v e l  from t h e  mean l ege1  
a t  rest  i n  $J a t  the  moment of exposure with seve ra l  
successive loads during a s i n g l e  experimental day. 

Fig. 2. 

1 - Duration of r o t a t i o n  
2 - I n t e r v a l  

The complete p a t t e r n  of t h e  changes i d c e r e b r a l  venous flow 

i n  response t o  acce le ra t ion  i s  shown i n  Fig. 3. It i s  evident t h a t  

fo l lowing  a deep drop i n  blood flow '*he end of  t h e  exposurei a /6 
I 

biphas ic  r e a c t i o n  set i n  a f t e r  the cen t r i fuge  was hal ted.  Thus, 

t h e r e  w a s  a d i f f e rence  i n  cerebra l  blood flow r e a c t i o n  t o  t h e  same 

f a c W i n  the  same objec t ,  The exis tence of mechanisms of  physiological  

compensation responsible  f o r  t h i s  d i f f e rence  cannot be doubted. 

There a l s o  seems t o  be a d i s t i n c t  r e l a t i o n s h i p  between t h e  

kind and l e v e l  of  r e a c t i o n  and the number and sequence df preceding 

ac t ions .  The c e n t r a l  neuroref lex mechanisms on which the  "readiness"  

of t h e  e n t i r e  cardiovascular  system t o  withstand aerupt  changes i n  

ke pa r t  i n  t hese  processes.  Consequently, 

prolonged weightlessness may be an extremely adverse f a c t o r  i n  

t h a t  i t  reduces t h e  a d a p t a b i l i t y  of t he  card iovascular  system t o  

changes i n  g r a v i t a t i o n a l  conditions,  

6 
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Fig. 3 .  Blood flow at the  t i m e  of cen t r i fuga t ion ;  t h e  a r e a  
of devia t ions  from the  mean l e v e l  a t  r e s t  i s  darkened. 

Besides acce le ra t ion ,  v ib ra t ion  plays a major r o l e  during t h e  

a c t i v e  pa r t  of t h e  t r a j e c t o r y .  We compared the  e f f e c t s  of v ib ra t ion ,  

acce le ra t ion ,  and space f l i g h t  on background b i o e l e c t r i c  a c t i v i t y  

of t h e  s k e l e t a l  f u s c l e s  and funct ion of t he  o t o l i t h s .  We performed 

experiments on guinea p igs ,  using as ind ices  of v e s t i b u l a r  func t ion  

t h e  electromyographic r eac t ion  of t he  extensors  i n  t h e  hind l e g  t o  

adequate s t imu la t ion  of t h e  organ o f  equilibrium. Graduated rocking 

of t he  animal around t h e  longi tudina l  a x i s  of t h e  body on a s p e c i a l  

apparatus  for 10 sec  (frequency 0.6 cps, angle  of i n c l i n a t i o n  25O) 

w a s  used as the  st imulus.  

The electromyograms were in tegra ted  and recorded i n  r e l a t i v e  

u n i t s  from the  readings of an  automatic meter simultaneously with t h e  

t r a c i n g  on f i lh.  The animals were subjected t o  r a d i a l  acce le ra t ions  

of 8 g i n  a back-chest d i r e c t i o n  created by r o t a t i o n  on a cen t r i fuge  

for 1 5  minutes. 

The e l e c t r i c  a c t i v i t y  of t he  s k e l e t a l  muscles i n  a s t a t e  of r e l a t i v e  

r e s t  increased sharply (Fig. 4). However, t h e  e f f e c t  w a s  b r i e f ,  f o r  

on t h e  next day, a f t e r  t h e  second cen t r i fuga t ion ,  myoelectr ic  a c t i v i t y  

There were 2 r o t a t i o n  per iods 24 houfs apa r t .  
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decreased and from t h e  6 th  day on w a s  v i r t u a l l y  ind i s t ingu i shab le  

from t h e  cont ro l .  

* 
4 0 . .  

.--_ 

.I - 
Fig. 4. Changes i n  i n t e g r a l  background e l e c t r i c  a c t i v i t y  of 

muscles i n  the  hind l e g  of guinea p igs  a f t e r  c e n t r i -  
fuga t ion  and v ib ra t ion  and a f t e r  f l i g h t  on t h e  Vostok, 

Abscissa - time a f t e r  exposure i n  days; o rd ina te  - change 
i n  parameter under study i n  r e l a t i v e  uf i i ts ;  s o l i d  t h i n  
l i n e  - con t ro l  animals; s o l i d  t h i c k  l i n e  with c rosses  - 
animals on board the spacec ra f t ;  dash l i n e  - animals 

exposed t o  v ibra t ion ;  dahh-dot l i n e  - animals 
exposed t o  acce lera t ion .  The arrows des igna te  
the days when v i b r a t i o n  o r  ncce le ra t ion  w a s  applied.  

1 - E l e c t r i c  a c t i v i t y  i n  r e l a t i v e  u n i t s ;  2 - Jays 

Af te r  v i b r a t i o n  at a frequency of  70 cps,  amplitude of 0.4 mm, and 

du ra t ion  of 15  min appl ied,  as  i&he  case of cen t r i fuga t ion ,  i n  2 

per iods  24 hours a p a r t ,  t h e r e  were less d i s t i n c t  but more p e r s i s t e n t  

changes. Normalization did not se t  i n  u n t i l  at l e a s t  25 days a f te r  

t h e  i n i t i a l  exposure (Pig. 4). 

The changes i n  background myoelectric a c t i v i t y  of guinea p i g  
4 combined m d  

c a r r i e d  on Vostok 

exceeded them (Fig. 4). 
In 

A 

a 

of both f a c t o r s  and g r e a t l y  



The l a t e n t  period of t he  reac t ion  of t h e  s k e l e t a l  muscles t o  

adequate s t imu la t ion  of t h e  ves t ibu lar  apparatus  a f t e r  cen t r i fuga t ion  

shortened during the  first few days a f t e r  exposure, but lengthened 

beginning the  10th  day without showing any tendency t o  r e t u r n  t o  normal 

as long  as 30 days a f t e r  exposure (Fig. 5 ) .  
shor ten ing  of t h e  

The/ la tent  period o f  t h i s  

E r e a c t i o n  af ter  v i b r a t i o n  w a s  l e s s  abrupt but s i g n i f i c a n t ,  and it 

remained shor t  f o r  25 days. 

. Pig. 5. Change i n  dura t ion  of t h e  l a t e n t  period of the  
r e a c t i o n  t o  adequate s t imu la t ion  of t he  o t o l i t h s  
of t h e  v e s t i b u l a r  apparatus i n  guinea p igs  a f t e r  
exposure t o  cen t r i fuga t ion  and v i b r a t i o n  and a f t e r  
f l i g h t  on Vostok 4. Symbols the  same a s  i n  Fig. 4. 

1 - DSJS 

I n  the  guinea p ig  ca r r i ed  on t h e  spacec ra f t ,  t h e  l a t e n t  period 

of t h e  r e a c t i o n  decreased sharply &- 16 days (Fig. 5 ) .  The 

oppor tun i t i e s  for comparing the  r e s u l t s  of l abora to ry  experiments with 

t h e  d a t a  recorded i n  t h e  animal on board t h e  spacecraf t  a r e  l i m i t e d  by 

the  f a c t  t h a t  t he  r e s u l t s  of t he  labora tory  experiments shown i n  graphs 

were obtained from s t a t i s t i c a l  mater ia l  and averaged f o r  t he  groups 

t h c  
4 

o f  animals, whereas t h e r e  w a s  j u s t  one guinea p i g  on board t h e  spacecraf t .  

However, t he  d i f f e rences  between the r e s u l t s  of t h e  experiments on t h i s  

animal and on t h e  groups of animals exposed t o  v i b r a t i o n  and acce le ra t ion  

9 



go f a r  beyond the  l i m i t s  of ind iv idua l  and group spread, The r e s u l t s  

of t h i s  experiment convinced u s  tha t  v i b r a t i o n  may be 
an 

importarh e lcrnunt  

i n  t h e  e f f e c t  of space f l i g h t  f a c t o r s  on seve ra l  func t ions  of 

t h e  c e n t r a l  nervous system. 

Up t o  now the  e f f e c t  of v ib ra t ion  o&he c e n t r a l  nervous system has 

been s tudied  mainly by i n d u s t r i a l  hygien is t s .  The many works on the  

sub jec t  a r e  summed up i n  monographs and evaluated i n  reviews o f  t h e  

l i t e r a t u r e  cl3,  14, 15, and others]. Many authors  found t h a t  v i b r a t i o n  

causes i n h i b i t i o n  i n  var ious  d iv i s ions  of t he  c e n t r a l  nervous system 

with marked p a r a b i o t i c  phenomena. 

Ye inves t iga t ed  t h e  e f f e c t s  o f  v i b r a t i o n  with t h e  above-mentioned 

parameters on oxida t ion  processes i n  b ra in  t i s s u e ,  motor defense r e f l exes ,  

ves t ibu lo ton ic  r e f l e x e s ,  and conditioned a c t i v i t y .  The s ta te  of  t h e  

oxida t ion  processes  was-judged from the  p a r t i a l  p ressure  of oxygen (p02) 

and from t h e  resul ts  of the  so-called "oxygen sample". 

i n  a chronic  experiment by the "oxygen cathode" method, which i s  based 

on t h e  p r i n c i p l e  of polarographic a n a l y s i s  t163.  Due t o  t h e  e l e c t r o -  

chemical and mathematical va l ida t ion  of t he  method [17], i t  can be 

e f f e c t i v e l y  used i n  experiments on animals. Experiments were performed 

i n  s p e c i a l  gas chambers wi th  a normal oxysen content  (21%). 

chambers were pe r iod ica l ly  ven t i l a t ed  with a i r  conta in ing  a s t r i c t l y  

measured amount of oxygen ("oxygen sample"). 

W e  showed elsewhere t h a t  the increase i n  c r i t i c a l  cur ren t  due t o  

change i n  oxygen concentrat ion at the  cathode as a r e s u l t  of t h i s  

procedure i s  

at t h e  elehtrode.  

p02 w a s  determined 

& 

The 

This took 10 sec.  

1 55 a c  /p ropor t iona l  t o  t i s s u e  consumption of oxygen 
4 

1 
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Unconditioned defense r e f l exes  were inves t iga t ed  by Godin's and 

Gorshkov's method ClSl. Three i n t e n s i t i e s  of pa in  were used: (1) weak 

phys io logica l ly  constant  stimulati%ways equal t o  t h r e e  t imes t h e  

moderate threshold value;  (2)phys io logica l ly  cons tan t  stimul 

i n t e n s i t y  normally equal t o  the  threshold value mul t ip l ied  by 6 ;  

(3)  phys ica l ly  constant  stimula8ion 

approximately t o  the  threshold value mul t ip l ied  by 10. 

a t i w  

of great f o r c e  normally equal 

Conditioned r e f l e x e s  were inves t iga ted  by Kotlyarevskiy 's  motor- 

food method. Lo 
To exclude t h e  inf luence  of the  noise  t h a t  accompanied v ib ra t ion ,  

a l l  t h e  con t ro l  animals were 'lace4near t h e  enclosed v i b r a t i o n  stand 

dur ing  v i b r a t i o n  of t h e  experimental aniail ls .  

Ohanges i n  unconditioned defense and ves t ibu lo ton ic  r e f l e x e s  

produced by v i b r a t i o n  were observed more than  1 2  days a f t e r  a double 

exposure, and with respect  t o  i n t e n s i t y  of r eac t ion ,  t he  e f f e c t s  were 

T a l  t o  those of  whole-body gamma i r r a d i a t i o n  with l e t h a l  doses. 

The oxida t ion  processes i n  b ra in  t i s s u e  under t h e  inf luence  of v i b r a t i o n  

underwent phase changes. These experiments w i l l  be descr ibed i n  d e t a i l  

below. 

Although t h e  noise  t h a t  accompanied t h e  ope ra t ion  of t he  v i b r a t i o n  

initi 1 s tand  had an m.fh8ftory e f f e c t  on conditioned a c t i v i t y  i n  most of t h e  

animals, t h e  d i f f e rence  between the experimental and con t ro l  groups 

w a s  q u i t e  d i s t i n c t  (Fig. 6 )  and s t a t i s t i c a l l y  s i g n i f i c a n t  ( P i  0.01). 

The decrease i n  conditioned r e f l exes  r e s u l t e d  i n  numerous d is turbances  

of t h e  co r rec t  i n t e n s i t y  r e l a t ions .  Some of t he  animals exhib i ted  

i n  rare ins t ances  a complete u l t raparadoxica l  phase when t h e r e  were no 

4 
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r eac t ions  t o  p o s i t i v e  s t imu l i ,  whereas they reac ted  with a d i s t i n c t  

food r e f l e x  t o  a non-reinforced stimulus. 

.- 
Fig. 6 .  Change i n  mean i n t e n s i t y  of t h e  conditioned r e f l e x  

a f t e r  exposure t o  v ib ra t ion  and noise  on a v i b r a t i o n  
s tand (simulated v ibra t ion) .  

Abscissa - group of experiments: background, Mean 
group value from the r e s u l t s  of 20 experiments 
performed before exposure. 

1st and 3rd exposures and 1st and 2nd groups. 
Mean grbup:>data from 6 experiments (1st and 2nd 
weeks a f t e r  exposure). 
and 2nd exposures - 2 weeks; i n t e r v a l  between 
the  2nd and 3 r d  exposures - 1 week. 

Ordinate - int*ensi ty  of t h e  conditioned r e f l e x  
expressed i n  70 of the o r i g i n a l  l e v e l  taken as 100s. 

I n t e r v a l  between t h e  1st 

1 - Vibrat ion 
2 - Absolute v i b r a t i o n  

4 - exposure 
5 - group 

3 - Background 

1 2  



2. Combined Effec t  o f  Vibration and Ioniz ing  Radiation on 
Metabolism and Functions of the  Central  Nervous System 

It w a s  t o  be expected t h a t  v ibra t ion ,  which has such a marked 

inf luence  on t h e  func t ioning  o f  the c e n t r a l  nervous system, would 

a l s o  affect t h e  l a t t e r ' s  reac t ion  t o  ioxizing r ad ia t ion .  We inves t iga t ed  

t h e  e f f e c t  of v i b r a t i o n  and r ad ia t ion  on the  oxida t ion  processes i n  

b r a i n  t i s s u e s  and on unconditioned defense and ves t ibu lo ton ic  re f lexes .  

combined 
& 4 

Experiments were performed on guinea p igs  and white rats of t he  Wistar 

s t r a i n .  

The animals were i r r a d i a t e d  a f t e r  general  v e r t i c a l  v i b r a t i o n  with 

t h e  aforementioned parameters. The rats received 600 r of X-rays 

(whole body) 10-15 minutes after v i b r a t i o n  (vol tage  180 kv, s k i n  focus 

d i s t ance  45 cm, f i l t e rs  Cu 0.5 mm + A 1  0.75 mm, dose r a t e  22-43 r/min). 

The guinea p igs  received 500 r 30-50 min a f t e r  v i b r a t i o n  (Co60 a t  a 

r a t e  of  260 r/min). 

The animals were divided i n t o  the  fol lowing groups: (1) exposed t o  

v ib ra t ion ,  then  t o  i r r a d i a t i o n  a t  t he  t imes mentioned above, and 

t o  v i b r a t i o n  aga in  24 hours l a t e r ;  ( 2 )  exposed t o  v ib ra t ion  twice 

with a 24-hour i n t e r v a l  between exposures; ( 3 )  i r r a d i a t e d  i n  t h e  

ind ica t ed  doses;  (4) control .  

were t h e  experimental animals and they were d i s t r i b u t e d  almost equal ly  

A t o t a l  of 40 guinea pigs  and 25 rats 

between the  var ious groups. The r e s u l t s  were processed by t h e  methods 

of  nonparametric s b a t i s t i c s  (6rSter fa  X i s q u a r e  and medians) . 
I r r a d i a t i o n  a l t e r e d  t h e  threshold of e x c i t a b i l i t y  of the  f l e x o r  

defense r e f l ex .  The changes were not s t a t i s t i c a l l y  s i g n i f i c a n t ,  but 

they had a d e f i n i t e  tendency (Fig. '7 c )  and did not c o r r e l a t e  with 



t h e  changes i n  value of the  l a t e n t  period of t h e  response t o  phys ica l ly  

constant  st imuli  . L 2  

f . *  

Fig. 7. Change i n  mean value of t he  threshold stimulus.  

A - i n  animals exposed t o  Vibrat iQn twice 
B - i n  t he  con t ro l  animals 
C - i n  t he  i r r a d i a t e d  animals 
D - i n  t h e  animals exposed t o  both i r r a d i a t i o n  and v i b r a t i o n  

1 - group of animals exh ib i t i ng  e l e v a t i o n  of  threshold 

2 - group of animals e x h i b i t i n g  lowering o f  threshold 

Abscissa - time i n  days 
Ordinate - change i n  i n t e n s i t y  of threshold stimulus 

The arrows designate the  days of  exposure t o  t h e  agents  

of e x c i t a t i o n  

of e x c i t a t i o n  

i n  r e l a t i v e  uni ts  

1 - Days; 

Under t he  inf luence  of i r r a d i a t i o n  the  l a t e n t  period o f  t h e  r e f l e x e s  

t o  t h e  3 types of s t imula t ion  lengthened considerablg.  The inc rease  

w a s  s t a t i s t i c a l l y  s i g n i f i c a n t  as compared with both t h e  o r i g i n a l  back- 

ground and the con t ro l  animals. The g r e a t e s t  i nc rease  was shown 

by the  l a t e n t  period of t he  r e f l ex  t o  t h e  weak s t imulus;  t h e  &ma82est, 

t o  t h e  s t rong  stimulus.  The r eac t ion  t o  t h e  st imulus of moderate 



. 

i n t e n s i t y  occupied an intermediate pos i t i on  (Fig. 8 ) .  A s  a r e s u l t ,  the  

number of experiments with p o s t i r r a d i a t i o n  impairment o f  i n t e n s i t y  

r e l a t i o n s  not only d id  not increase,  i t  decreased markedly, as i n  t h e  

con t ro l  group. 

"t 
. ? C  

Fig. 80 Change i n  value of the l a t e n t  period of t h e  f l e x o r  
r e f l e x  i n  A - i r r a d i a t e d  animals; 
1 - t o  the  weak physiological ly  constant  s t imulus;  
2 - t o  t h e  moderate; 3 - t o  t h e  s t r o n g  phys ica l ly  
constant  st imulus.  

Abscissa - time i n  days; o rd ina te  - l a t e n t  period 
i n  r e l a t i v e  uni ts  
The arrows designate the  days of i r r a d i a t i o n  

B - cont ro l .  

I n  the  animals exposed twice t o  v ib ra t ion ,  t h e r e  w a s  a s l i g h t  but 

s t a t i s t i c a l l y  s i g n i f i c a n t  e leva t ion  of t h e  threshold  of  e x c i t a b i l i t y  

(Fig. 7a). 

The changes i n  threshold of e x c i t a b i l i t y  l ikewise  d id  not c o r r e l a t e  

with t h e  changes i n  l a t e n t  period. The l a t t e r  were q u i t e  sharp. The 

most t y p i c a l  change i n  the  l a t e n t  per iod due t o  v i b r a t i o n  w a s  

impairment of t h e  co r rec t  i n t e n s i t y  r e l a t i o n s .  

Regarding t h e  r eac t ions  t o  the weak s t imulus,  t h e r e  w a s  a tendency 

f o r  t h e  l a t e n t  period t o  contract ,  whereas i n  t h e  r eac t ions  t o  the  

moderate and s t rong  s t i m u l i ,  i t  tended t o  lengthen, e s p e c i a l l y  i n  t h e  

case of t h e  l a t t e r .  Thus, t he re  was impairment of i n t e n s i t y  r e l a t i o n s  



of t h e  balancing phase type (Pig. 9). 

A 

Fig. 9. Change i n  mean value of t he  l a t e n t  period of t he  f l e x o r  
r e f l e x  a f t e r  two  exposures t o  v ibra t ion .  

A - mean value o f  the l a t e n t  per iod i n  t h e  experimental 
animals; B - i n  t h e  cont ro l  animals i n  the  r eac t ions  to :  
1 - weak physiological ly  constant  s t imulus;  2 - moderate; 
3 - s t r o n g  physical ly  constant  s t imulus 

Abscissa - t i m e  i n  days; ord ina te  - l a t e n t  period 
i n  r e l a t i v e  u n i t s  

The arrows designate the  days of v ib ra t ion  

The combined e f f e c t  of  v ib ra t ion  and i r r a d i a t i o n  produced a d i s t i n c t  

but s t a t i s t i c a l l y  i n s i g n i f i c a n t  change i n  threshold  of e x c i t a b i l i t y ,  

which w a s  similar t o  t h a t  observed i n  the i r r a d i a t e d  animals. %der 

the  inf luence  of both i r r a d i a t i o n  alone (Fig. 7 c )  and combined agents  

(Fig. 7 d)the changes i n  threshold  of e x c i t a b i l i t y  proceeded i n  two 

d i r ec t ions .  It rose i n  some of the animals while i t  f e l l  i n  others .  

The changes i n  l a t e n t  period i n  the  animals exposed t o  t h e  combined 

agents  included f e a t u r e s  of the reac t ions  t o  v i b r a t i o n  and t o  i r r a d i a t i o n .  

I n  some o f  t he  animals exposed t o  the  two agents ,  t he  e f f e c t  of 

i r r a d i a t i o n  w a s  predominant. The changes i n  l a t e n t  period of t h e  

r eac t ions  t o  t h e  ubak qtimulus were more pronounced t h a t l t h o s e  of t he  

/13 

r eac t ions  t o  t h e  s t r o n g  stimulus, while these  of the  r e a c t i o n s  t o  the  

16 



moderate st imulus occupied an intermediate  pos i t ion .  As a r e s u l t ,  the  

c o r r e c t  i n t e n s i t y  r e l a t i o n s  between the  r eac t ions  t o  t h e  s t i m u l i  of 

d i f f e r e n t  i n t e n s i t y  were preserved (Fig. l o a ) .  

4 4  

h 

& -  

. .  .' . 
6 -  

< .  

Fig. 10. Change i n  v -3& d of the  f l e x o r  
r e f l e x  i n  thft  an%am&s exposed B o  goth v i b r a t i o n  

A and B - mean value of t he  l a t e n t  period from t he  
groups o f  experimental animals i n  t h e  r eac t ions  to :  
1 - the  weak physiological ly  constant  s t imulus;  
2 - the  moderate; 3 - the  s t rong  phys ica l ly  constant  

C - s i m i l a r l y  for the  cont ro l  group 

Abscissa - time i n  dags; o rd ina te  - i nves t iga t ed  
parameter i n  r e l a t i v e  u n i t s  

The arrows designate the  days of exposure: l e f t  - combined 
exposure t o  gamma r a d i a t i o n  and v ib ra t ion ;  r i g h t  - only 

and i r r a d i a t i o n .  

s t imulus 

exposure t o  v i b r a t i o n  

The changes i n  l a t e n t  period i n  the  group o f  animals exposed t o  

the  two agents  were similar t o  t h o s e  caused by v ib ra t ion ,  although 

i r r a d i a t i o n  l e f t  i t s  imprint on them. 

of t h e  r eac t ions  t o  t h e  s t rong  stimulus increased sharp ly  from t h e  

very first day of Bkposure and i t  remained f a i r l y  high throughout the 

The value of the  l a t e n t  period 
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i n v e s t i g a t i o n  (Fig. l o b ) .  The combined exposure here  had about t he  

same e f f e c t  as v ibra t ion .  The reac t ions  of t h i s  group of animals t o  t h e  

weak s t imulus were charac te r ized ,  as i t  were, by an dgebraic summation 

of t h e  e f f e c t s  of i r r a d i a t i o n  and v ibra t ion .  hs w e  s a w  above, t he  

e f f e c t s  of v i b r a t i o n  and i r r a d i a t i o n  were d i ame t r i ca l ly  opposi te  

( a f t e r  v i b r a t i o n  t h e r e  w a s  a tendency f o r  t he  l a t e n t  per iod t o  con t r ac t ;  

a f t e r  i r r a d i a t i o n ,  t o  lengthen).  

of t h e  l a t e n t  period o f  the  r e f l e x  t o  the  weak stimulus remained unchanged. 

Thus, &he lowering o f  e x c i t a b i l i t y  of t h e  inves t iga t ed  r e f l e x  a r c  

i n  t h i s  group o f  animals, as i n  those subjected t o  v ib ra t ion ,  occurred 

a t  a low l e v e l  and w a s  of t h e  balancing phase type. The only d i f f e rence  

w a s  t h a t  t h i s  tendency w a s  somewhat more pronounced i n  the  case o f  t h e  

combined exposure. 

/r4 

I n  t h i s  group of animals t h e  value 

The e f f e c t  of v ib ra t ion  and i r r a d i a t i o n  on  e x c i t a b i l i t y  of t h e  

ves t ibu lo ton ic  r e f l e x  w a s  d iamet r ica l ly  opposite.  Vibrat ion increased 

i t ,  as shown by cont rac t ion  of t h e  l a t e n t  period of  the  r e a c t i o n  

(Fig. 11) and prolongation o f  t h e  a f t e r e f f e c t  (Pig. 1 2 ) .  

i a t e d  animals, t h e  l a t e n t  period o f  t he  r eac t ion  lengthened (Fig. 11) 

while t h e  dura t ion  of the  a f t e r e f f e c t  shortened (Fig. 1 2 ) .  The v i b r a t i o n  

I n  t h e  i r r a d -  

I 

e f f e c t  predominated i n  t h e  animals exposed t o  t he  two agents  f o r  t he  

f i r s t  5-6 days, but t h e r e a f t e r ,  as r a d i a t i o n  s ickness  set  i n ,  t h e  

i r r a d i a t i o n  e f f e c t  became dominant. It i s  i n t e r e s t i n g  t o  note t h a t  

between the  5 th  and 9 t h  days (Fig. 1 2 )  the  dura t ion  o f  t h e  a f t e r e f f e c t  

i n  t h e  i r r a d i a t e d  animals scarcely d i f f e red  from t h a t  i n  the  con t ro l ,  

where t h i s  index l ikewise decreased. However, i n  t h e  animals exposed 

t o  the  two agents ,  t h e  e f f e c t  of v ib ra t ion  was completely overcome at 

the  aforementioned times. 
18 
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Fig. 11. Plean changes i n  durat ion of the l a t e n t  period of t h e  
ves t ibu lo ton ic  r e f l e x  t o  t e s t  s t imu la t ion  i n  guinea 
p i g s  a f t e r  v ibra t ion ,  i r r a d i a t i o n ,  and both combined. 

Ordinate - value of  t he  parameter under study, expressed 
i n  u n i t s  of deviat ion from t h e  mean norm p r i o r  t o  
exposure and r a t i o s  t o  t h e  mean group devia t ion  

Abscissa - time froqkhe s tar t  of exposure i n  days 

I - arrow o f  v ib ra t ion  + i r r a d i a t i o n  
I1 - arrow of  i r r a d i a t i o n  

Dash-dot l i n e  - group exposed t o  t h e  combined a c t i o n  
Dash l i n e  - i r r a d i a t e d  animals 
Broken l i n e  - vibrated animals 
Sol id  l i n e  - control  group 

p r io r  t o  exposure 

1 - Value of the l a t en t  period i n  r e l a t i v e  u n i t s  
2 - Change i n  dura t ion  of t h e  l a t e n t  period of t h e  r e a c t i o n  t o  

t es t s t imul at i o n  a f t  e r exposure - Days a f t e r  exposure 

I 
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Fig. 12. Change i n  durat ion of the a f t e r e f f e c t  of t h e  
ves t ibu lo ton ic  r e a c t i o n  of guinea p igs  t o  t e s t  
s t imula t ion  af ter  v ib ra t ion ,  i r r a d i a t i o n ,  and 

Symbols the  same as i n  Fig. 11 

both combined, 

1 - Duration of t h e  a f t e r e f f e c t  i n  r e l a t i v e  units 
2 - Change i n  du ra t ion  of the a f t e r e f f e c t  of the  r e a c t i o n  t o  

3 - Days a f t e r  exposure 
t e s t  s t imula t ion  a f t e r  exposure 

The combined e f f e c t  of  these f a c t o r s  on b i o e l e c t r i c  a c t i v i t y  

of muscles a t  r e l a t i v e  res t  w a s  d i f f e ren t .  It i s  evident from Fig. 13 

t h a t  i r r a d i a t i o n  caused a prolonged decrease i n  background myoelectr ic  

a c t i v i t y ,  whereas v i b r a t i o n  caused a b r i e f  but very sharp increase .  

A s  a r e s u l t  of t h e  combined act ion,  t h e  background myoelectr ic  a c t i v i t y  

increased as i t  d i d  a f t e r  v ibra t ion ,  but t he  # a t t e r n  of the  changes 

resembled those i n  the  i r r a d i a t e d  animals. Therefore,  the  curve show- 

i n g  t h e  changes i n  t h i s  parameter w a s  almost a mir ror  r e f l e c t i o n  of 

the  corresponding curve i n  the  i r r a d i a t e d  animals. 
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Fig. 13. Mean changes i n  background e l e c t r i c  a c t i v i t y  of t h e  
extensor  muscles*in the  hind l e g  of guinea p igs  
a f t e r  v ib ra t ion ,  i r r a d i a t i o n ,  and both combined. 

Symbols t h e  same as i n  Fig. 11 

1 - Change i n  background myoelectric a c t i v i t y  
2 - Elec t r ic  a c t i v i t y  i n  r e l a t i v e  u n i t s  
3 - Days 

Fig. 13 shows t h a t  i r r a d i a t i o n  reduced the  e f f e c t  of v i b r a t i o n  on 

t h e  days when i t  w a s  s t r o n g  and i n t e n s i f i e d  i t  when i t  w a s  weak. The 

background myoelectric a c t i v i t y  was maximal on t h e  days of t h e  i n i t i a l  

examination a f t e r  v ib ra t ion ,  but i t  w a s  much lower fol lowing t h e  combined 

exposure. On the  7 th  day a f t e r  v ibra t ion ,  myoelectric a c t i v i t y  r o s e  

s l i g h t l y ,  but a f t e r  t h e  combined exposure i t  w a s  near  t h e  maximum. 

The i n t e n s i t y  of  t h e  add i t iona l  agent l ikewise  seems t o  be s i g n i f i c a n t  

f o r  t h e  r e s u l t i n g  e f f e c t ,  This accounts f o r  t he  mirror  resemblance 

between the  p a t t e r n  of changes i n  t hese  ind ices  a f te r  t h e  combined 

expo su re  t h a t  observed i n  the animals exposed t o  only one of t h e  
a/nL 

f a c t  o m .  



Similar  phenomena were noted when s tudying the  e f f e c t s  of combined 
a G r ? a n  d u  rl n3 

of the  f a c t o r s  on myoelectric a c t i v i t y  s t imula t ion  

of t he  v e s t i b u l a r  apparatus (Pig. 14). The r e l a t i o n s  here  w e r e  the  E 

reverse .  Vibrat ion reduced myoelectric a c t i v i t y ,  while i r r a d i a g i o n  in -  

creased it. During t h e  f irst  two days t h e  v i b r a t i o n  e f f e c t  predominated 

and a f t e r  t he  combined exposure the index under inves t iga t ion  changed 

i n  t h e  same d i r e c t i o n  as a f t e r  v ib ra t ion  alone. On the 3rd and 5 th  days 

a f t e r  exposure myoelectric a c t i v i t y  changea i n  t h e  same d i r e c t i o n  as i n  

t h e  i r r a d i a t e d  animals, but here  too the  weak changes e l i c i t e d  by ir- 

r a d i a t i o n  were i n t e n s i f i e d  by v ib ra t ion  (Fig. 14, 3 rd  day) while t h e  

s t r o n g  changes w e r e  weakened (Fig. 14, 5th day). These r e l a t i o n s  

resemble the  phenomena of dominant and parabios is .  

The phenomena of t h e  dominant a r e  a l s o  r e c a l l e d  by experiments descr ibed 

i n  t h e  l i t e r a t u r e  i h i c h  showed tha t  t he  t y p i c a l  r a d i a t i o n  r eac t ions  are 

i n t e n s i f i e d  when i r r a d i a t i o n  i s  combined with f a c t o r s  having a d i r e c t l y  

oppos i te  e f f e c t .  For example, an agent t h a t  causes leukocytosis  

may when combined with i r r a d i a t i o n  i n t e n s i f y  leukopenia (19, 20, 21, 22, 

and others] .  The of i r r a d i a t i o n  combined with burns on ar ter ia l  
e f f e c t s  

pressure,  e x c i t a b i l i t y  of  t h e  depressor and pressor  r eac t ions ,  e t c .  

are very similar t o  pa rab io t i c  phenomena c211. It is s t i l l  unc lear  

whether w e  are dea l ing  here  s o l e l y  with an ex te rna l  chanceresemblance 

between t h e  described phenomena and p r i n c i p l e s  of parabios is  and 

dominant or t hese  mechanisms play a major r o l e  i n  t h e  combined r a d i a t i o n  

l e s ions .  The r e  qui res  experiment a1 
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Fig. 14. Mean changes i n  e l e c t r i c  a c t i v i t y  of the  extensor  
muscles i n  the  hind l e g  of guinea p igs  i n  response 
t o  adeqt%$:;z!imulation of t he  v e s t i b u l a r  apparatus 

af te r4  i r r a d i a t i o n ,  and combined exposure. 

Symbols t h e  same a s  i n  Fig. 11 

Vibrat ion followed by i r r a d i a t i o n  has a pecu l i a r  e f f e c t  on t h c  /!7 

oxida t ion  processes i n  d i f f e r e n t  p a r t s  of t h e  brain.  

of changes i n  oxygen tens ion  and r a t e  of consumption i n  b r a i n  t i s s u e s  

r e s u l t e d  i n  the  i n d e n t i f i c a t i o n  of t h r e e  successive phases: (1)  decrease 

i n  p02 and increase  i n  oxygen consumption; ( 2 )  increase  i n  p02 and 

decrease i n  oxygen consumption; ( 3 )  r e s t o r a t i o n  per iod dur ing  which 

oxygen consumption by the  t i s s u e s  r e t u r n s  t o  normal. 

l a s t s  3-5 minutes. 

comes t h e  second phase, which lasts 15-90 minutes 

t o  t h e  t h w  phase, which sometimes lasts severa l  hours. 

An i n v e s t i g a t i o n  

The f irst  phase 

Toward t h e  end of v i b r a t i o n  o r  immediately afterward 
and *c* 

gives  way 

Oxygen t ens ion  increased and r a t e  of oxygen consumption occurred 

both a f t e r  v i b r a t i o n  and a f t e r  i r r a d i a t i o n .  

a f t e r  i r r a d i a t i o n .  Thus, v ibra t ion  and i r r a d i a t i o n  depressed the 

oxida t ion  processes i n  b ra in  t i s sues .  However, a combination of t h e  

The process w a s  much more pronounced 

two  agents  d i d  not r e s u l t  i n  t he  summation of t h e  same kind of e f fec%s.  
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I n  the animals subjec ted  t o  i r r a d i a t i o n  a f t e r  v i b r a t i o n ,  t h e  changes 

i n  oxygen t e n s i o n  and r a t e  of oxygen consumption were similar t o  those  

noted a f t e r  v i b r a t i o n  alone (Figs.  15, 16) .  

d l  5pRq) l  .'I5 3 i r c u I  t 8 - . . A ! a  ' ' I .  - 

@ @ Q 
Fig. 15. Change i n  mean values 3 p r  

followed by i r r a d i a t i o n .  
du r ing  v i  b r a t  i o n  

A -  
B -  
c -  
1 -  
2 -  
3 -  

aud i to ry  cor tex  
sensorimotor co r t ex  
s t r i o p a l l i d a l  formations 

animals subjected t o  v i b r a t i o n  a lone  
animals subjected t o  i r r a d i a t i o n  alone 
aninrals subjected t o  v i b r a t i o n  and then  i r r a d i a t i o n  

Abscissa - time i n  minutes and hours;  o r d i n a t e  - value  
of i n  !% o f  t h e  o r i g i n a l  backgrouhd 

1 - I r r a d i a t i o n  
2 - Minutes 
3 - Hours 
4 - Vibra t ion  
5 - A f t e r  v i b r a t i o n  
6 - B  
7 - c  
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Fig. 16. Change i n  mean values  A I  e r  dur ing  and 
a f te r  t h e  first v i b r a t i o n  followed by i r r a d i a t i o n .  

1 - animals subjected t o  v i b r a t i o n  alone 
2 - animals subjected t o  i r r a d i a t i o n  alone 
3 - animals subjected t o  v i b r a t i o n  and then  i r r a d i a t i o n  

Ordinate  - value  A x  in$ of t h e  o r i g i n a l  background 

Other symbols t h e  same as i n  Fig. 15  

1 - I r r a d i a t i o n  
2 - Minutes 

4 - Vibra t ion  
5 - After  v i b r a t i o n  
6 - B  
7 - c  

3 - Hours 
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Thee%&ges a r i s i n g  from t h e  e f f e c t s  of t h e  second exposure t o  

v i b r a t i o n  on t h e  day a f t e r  i r r a d i a t i o n  l i k e w i s e  d i f f e red  l i t t l e  from 

those  observed i n  the  animals subjected t o  v i b r a t i o n  alone. B u t  on 

t h e  fol lowing days t h e  p a t t e r n  of changes i n  oxygen tens ion  and 

consumption i n  t h e  animals exposed t o  both v i b r a t i o n  and i r r a d i a t i o n  

displayed some unusual f ea tu re s .  There w a s  a gradual decrease i n  

oxygen tens ion  i n  the  b ra in  of a l l  t h e  experimental  animals a f t e r  ir- 

rad ia t ion .  

oxygen consumption were biphasic.  h r i n g  t h e  f i rs t  48-96 hours a f t e r  

i r r a d i a t i o n ,  t he  l e v e l  of oxygen consumption changed i n  t h e  same 

d i r e c t i o n  as i n  t h e  animals subjected t o  vibrat ion,but  t h e  amplitude 

w a s  smaller.  Thereaf te r ,  however, t h e  changes were similar t o  those 

observed i n  t h e  i r r a d i a t e d  animals, co inc id ing  i n  phases but of g r e a t e r  

amplitude. It w a s  only on the  12th day t h a t  t h e r e  w a s  a r e a c t i o n  op- 

p o s i t e  t o  t h a t  i n  the i r r a d i a t e d  animals, i.e., a sharp  decrease i n  

the  r a t e  of oxygen consumption by b ra in  t i s s u e s  (Fig. 1 7 ) .  Thus, 

here  too ,  as i n  t h e  inves t iga t ion  o f  t h e  e f f e c t s  o f  these  f a c t o r s  on 

t h e  du ra t ion  of t h e  l a t e n t  period and a f t e r e f f e c t  of t h e  ves t ibu lo ton ic  

r e f l e x ,  t he  v i b r a t i o n  e f f e c t  w a s  predominant i n  t h e  f i r s t  phase, 

t h e  i r r a d i a t i o n  e f f e c t  i n  t h e  second. 

t h e  
I n  t h e  animals exposed t o  t h e  two agents,Achanges i n  

An examination of Figs.15-17 fa i l s  t o  i e a h a l  a r e l a t i o n s h i p  between 

the  changes i n  oxida t ion  processes af ter  combined exposure and t h e  

value of t h e  e f f e c t  of each of these f a c t o r s  appl ied separa te ly .  

I n  t h i s  respec t  t h e  r eac t ions  of oxidat ion metabolism i n  b ra in  

t i s s u e s  d i f f e r  s i g n i f i c a n t l y  from the  myoelectr ic  r eac t ions  t o  these  

f a c t o r s .  Therefore,  the explanation of t h e  e f f e c t s  o f  t he  combined & 
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exposure t h a t  we suggested above i s  not app l i cab le  t o  t h e  changes 

i n  t h e  oxidat ion processes,  where it seems t h a t  t he  oxygen e f f e c t  and 

t h e  func t iona l  s t a t e  of t h e  cen t r a l  nervous system at t h e  time of ir- 

r a d i a t i o n  p lay  a dec i s ive  ro l e .  The ra ts  were i r r a d i a t e d  10-15 minutes 

a f t e r  exposure t o  v ibra t ion .  They were i r r a d i a t e d  i n  t h e  phase of 

marked depression of the oxidat ion processes. As already mentioned, 

our i n v e s t i g a t i o n s  of t h e  unconditioned defense and conditioned food 

r e f l e x e s  implied the  development o f  i n h i b i t i o n  i n  t h e  c e n t r a l  nervous 

system. 

i s i o n s  of t h e  b ra in  along with the  oxygen e f f e c t  may play an important 

p a r t  i n  t h e  absence of summation o f  t h e  e f f e c t s  o f  v ib ra t ion  and irradia- 

t i o n  on the  oxida t ion  processes.  

It is  q u i t e  l i k % t h a t  p ro tec t ive  i n h i b i t i o n  i n  the  higher  div- 

A 

I 

..--- 

2 6 d I O I Z W  

Fig. 17. P a t t e r n  o f  changes i n  mean values T,, on d i f f e r e n t  
days i n  d i f f e r e n t  groups o f  animals. 

1 - B  
2 - c  

1 - con t ro l  animals 
2 - animals subjected t o  v i b r a t i o n  a lone  
3 - animals subjected t o  i r r a d i a t i o n  alone 
4 - animals subjected t o  v i b r a t i o n  and then  i r r a d i a t i o n  
Abscissa - time i n  days; o rd ina te  - values  
i n  $ of the  o r i g i n a l  background. 
as i n  Fig. 15 

Other symbols the same 



Numerous published r epor t s  show t h a t  t he  e f f e c t s  of combined ioniza-  

t i o n  r a d i a t i o n  and o the r  f a c t o r s  a r e  complex and varied.  Kany authors  

demonstrated that a combination of i r r a d i a t i o n  and mechanical, thermal,  

or o t h e r  traumas r e s u l t s  i n  mutual aggravat ion of l e s i o n s  C19, 23, 24, 

25, 26, and many others].  On t h e  o t h e r  hand, t h e r e  have been cases  i n  

which a combination of i r r a d i a t i o n  and even very severe traumas not only 

d i d  not r e s u l t  i n  summation of the e f f e c t s ,  but a t  times mitigated t h e  

i n j u r y  [27, 28, 29, 301. Complex and var ied  e f f e c t s  have a l s o  been 

descr ibed i n  s t u d i e s  on the  combined e f f e c t s  of i r r a d i a t i o n  and non- 

r a d i a t i o n  f a c t o r s  on ind iv idua l  reac t ions .  

When i r r a d i a t i o n  i s  combined with var ious kinds of traumas t h a t  

cause leukocytosis ,  leukopenia i s  less marked than  i n  t h e  animals subjected 

t o  i r r a d i a t i o n  alone'C31, 32, and others] .  However, as noted above, Eo 
t h e r e  have been cases  i n  which add i t iona l  agents  t h a t  induce leukocytosis  

i n t e n s i f i e d  leukopenia. 

Although t h e  p ro tec t ive  e f f e c t  of hypoxia i s  well know4 c e r t a i n  

f a c t o r s  t h a t  i n t e n s i f y  t h e  oxidat ion processes,  e.g., moderate muscular 

a c t i v i t y  during i r r a d i a t i o n ,  before o r  a f te r  i t ,  have a s i g n i f i c a n t  

p r o t e c t i v e  e f f e c t  c33, 34, and others].  

A survey of  t he  extensive l i t e r a t u r e  on combined r a d i a t i o n  l e s i o n s  

w a s  beyond the scope of t h i s  repor t .  We merely c i t e d  dome f a c t s  t o  

show t h a t  t h e  complexity and v a r i e t y  of the  e f f e c t s  of v i b r a t i o n  and 

i r rad ia t ionAwe observed aEe;.Che r u l e  r a t h e r  than the except ion when 

i r r a d i a t i o n  i s  combined with non-radiation f a c t o r s .  de a sc r ibe  t h i s  

t o  t h e  complexity and v a r i e t y  of t h e  mechanisms involved i n  combined 

r a d i a t i o n  ac t ions .  

that 
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This last mat te r  has been inadequately s tud ied ,  desp i t e  the  ex- 

t ens ive  phenomenological mater ia l  ava i l ab le  i n  the  w o r l d  l i t e r a t u r e .  

I. 2. Petrov C351 r i g h t l y  s t a t e s  t h a t  a c t i v a t i o n  of the  p ro tec t ive  

and compensatory mechanisms plays a major r o l e  i n  t h e  e f f e c t s  of 

combined exposure. These e f f e c t s  are a l s o  inf luenced by change i n  

the  humoral background of t h e  organism and by 

on t h e  c e n t r a l  nervous system C261. 

t o  t h e  s t r e s s  r e a c t i o n  [ 3 6 ] .  

summation o f 7 k e c t s  

And some s ign i f i cance  i s  at tached 

There a r e  now concrete experimental da t a  which show q u a n t i t a t i v e l y  
t h a t  

t h e  p a r t  played by t h e  fol lowing mechanisms may a l s o  be /zr 

s i g n i f i c a n t  i n  the  phenomena t h a t  we observed : 

(1) Oxygen e f f e c t  ( t h e  l i t e r a t u r e  on t h i s  sub jec t  i s  widely known 

so  we can dispense with re ferences) ;  

( 2 )  Change i n  func t iona l  s t a t e  of the c e n t r a l  nervous system 

C37, 38 ,  39, 40, and o thers ] ;  

( 3 )  Change i n  func t iona l  a c t i v i t y  of organs C41, and others] ;  

( 4 )  Change i n  m i t o s i s  i n  the t i s s u e s  of var ious  organs C42, and 

o thers ]  ; 

( 5 )  Change i n  r epa ra t ive  and compensatory processes  C42, 35, and 

o the r s ]  ; 

( 6 )  E f fec t s  of t he  i n t e r a c t i o n  of i r r a d i a t i o n  and another  f a c t o r  

on the  course of  i nd iv idua l  react ions c43, and others] .  

The e f f e c t s  of the  in t e rac t ion  of i r r a d i a t i o n  and o the r  agents  on 

t h e  course of c e r t a i n  r eac t ions  -"algebraic  summation" type up t o  

complete e l imina t ion  of the r ad ia t ion  r eac t ion ,  observed fol lowing the  

a c t i o n  of i r r a d i a t i o n  and v ibra t ion  on the  l a t e n t  period of t he  motor 



defense r e a c t i o n  i n  response t o  the weak s t imulus  - have a l s o  been noted 

when i r r a d i a t i o n  was combined w i t h  o the r  f a c t o r s .  S p e c i f i c a l l y ,  similar 

f a c t s  weae obtained i n  an inves t iga t ion  of r e d  marrow fol lowing a com- 

b ina t ion  of i r r a d i a t i o n  and bleeding C44, 451. Despite t he  seeming 

s i m p l i c i t y  of t h e  phenomena, t h e  underlying mechanism i s  s t i l l  obscure. 

It follows from t h e  foregoing t h a t  v i b r a t i o n  may s i g n i f i c a n t l y  /Lil 
a l t e r  both t h e  metabolic and the  func t iona l  r eac t ions  of  t h e  c e n t r a l  

nervous system t o  i o n i z i n g  r ad ia t ion .  

3 .  Combined Effec t  of Ihnamic Factors  and Ioniz ing  Radiation 
on Cel l  Divis ion i n  HematoDoietic Organs 

mouse 
Study of t h e  e f f e c t  of space f l i g h t  on t h e  nuc le i  of bone-marrow 4 

and s p l e n i c  c e l l s  showed t h a t  space f l i g h t  induces c e r t a i n  pecu l i a r  

d i s turbances  i n  t h e  nuc le i  i n  the  form of adhesion of chromosomes 

and s l i g h t  i nc rease  i n  the  frequency of  aber ra t ions .  Ground experiments 

designed t o  determine t h e  e f f e c t  o f  v i b r a t i o n  (35 and 70 cps f o r  60 

minutes) on the he red i t a ry  s t ruc tu res  of bone-marrow and sp len ic  c e l l s  

revealed t h a t  v i b r a t i o n  a f f e c t s  mitosis  and produces i r r e g u l a r i t i e s  

comparable t o  those recorded a f t e r  space f l ight . ,Pxperiments  on mice 

with acce le ra t ions  ranging f r o m  8 g for 5,and 15 minutes t o  20 g f o r  

mouse 

4 

Centrifuge 

5 minutes showed t h a t  t h i s  physical  f a c t o r ,  l i k e  v i b r a t i o n ,  has a 

d e f i n i t e  e f f e c t  on the cell nuclei .  

Analysis of t h e  combined e f f e c t  of acce le ra t ion ,  v ib ra t ion ,  

and X- i r rad ia t ion  showed t h a t  t he re  is a r e l a t i o n s h i p  between t h e  

r a d i a t i o n  e f f e c t  and t h e  ac t ions  t o  which t h e  animals were exposed 

before o r  a f t e r  i r r a d i a t i o n .  Th i s  i n v e s t i g a t i o n  included a cytogenet ic  

a n a l y s i s  of bone-marrow c e l l s .  A count w a s  made of the number of normally 

d iv id ing  c e l l s  i n  the  anaphase and te lophase and of the  number.of 



i r r e g u l a r  m i t o t i c  f i g u r e s  - chromosome and chromatid bridges,  bridges fi 
with fragments, double and s i n g l e  fragments, and adhesion of chromosomes. 

V i t o t i c  a c t i v i t y  i n  t h e  bone-marrow c e l l s  w a s  evaluated from a count of 

at least  1000 c e l l s  i n  var ious s tages  of d i v i s i o n  and rest. 

(a) Effec t  of acce le ra t ion .  The e f f e c t  of a c c e l e r a t i o n  of 8 g  

f o r  5 and 15  minutes w a s  described i n  an  e a r l i e r  s tudy C463. Mito t i c  

a c t i v i t y  i n  mouse bone-marrow c e l l s  remained wi th in  normal l i m i t s .  A 

s l i g h t  decrease occurred 4 hours cen t r i fuga t ion  f o r  5 and 
.If& 

1 5  minutes. The frequency of chromosomal abe r ra t ions  a f t e r  1 and 4 hours 

w a s  h igher  t han  i n  the  cont ro l ,  ch i e f ly  with t h e  1 5  minute exposure. 

The g r e a t e r  frequency of i n ju red  c e l l s  i s  due t o  a higher  ra te  of chromo- 

some adhesions. The frequency of t h i s  impairment i s  d i r e c t l y  propor t iona l  

t o  the  du ra t ion  of t he  exposure. 

This  r epor t  p re sen t s  t h e  r e s u l t s  of experiments on a cen t r i fuge  

with a v e e l e r a t i o n  of 20 g for 5 minutes. The experimental 

condi t iov  were the  same as i n  a n  ear l ie r  i n v e s t i g a t i o n  [47]. Accelerat ion sr/' 

of 20 g s e r i o u s l y  aggravated the  condi t ion of t h e  mice a t  the  end of the  

experiment. Same of t h e  animals could not r i s e  for 20 minutes or more, 

But t h e i r  condi t ion w a s  s a t i s f a c t o r y  a f t e r  a half-hour and they moved 

about i n  normal fashion,  

Cytological ana lys i s  of t h e  e f f e c t s  of acce lera t ion .  of 8 g f o r  5 

and 15 minutes and of acce le ra t ion  of 20 g f o r  ' 4  minutes showed /24 

t h a t  t he  l a t t e r  had a more depressant e f f e c t  on mi tos i s  i n  t h e  experi-  

mental animals than i t  d i d  i n  the cont ro ls .  Regardless of t he  t i n e  the 

animals were s a c r i f i c e d ,  t h e  mi to t i c  index was lower than t h e  con t ro l ,  

e s p e c i a l l y  4 hours a f t e r  exposure (2.02 and 1.47 f o r  t h e  con t ro l  and 

experimental animals, r e spec t ive ly ) .  



The frequency of chromosomal 4 tbe r ra t ions  with acce le ra t ion  o f  20 g, 

as i n  the  experiment with acce le ra t ion  o F  8 g, was higher  t han  the  con t ro l  

due t o  an inc rease  i n  the  number o f  chromosome adhesions. The r a t e  of 

chromosomal rearrangements i n  t h e  experiment with acce le ra t ion  of 20 g 

did no t  exceed than i n  the  control.  These changes i n  bone marrow 

p e r s i s t e d  and they were higher  than the  con t ro l  2 days a f te r  exposure. 

Accelerat ion of  20 g a lso resu l ted  i n  more numerous anaphases and 

te lophases  with l a r g e  fragments. A similar phenomenon w a s  noted i n  the  

e a r l i e r  experiments with acce le ra t ion  of 8 g. 

Analysis of t h e  r e s u l t s  of exposure t o  d i f f e r e n t  i n t e n s i t i e s  of ac- 

c e l e r a t i o n  (8 g and 20 g) but f o r  t h e  same dura t ion  ( 5  min) showed 

an  inc rease  i n  t h e  frequency of chromosome adhesions and abe r ra t ions  

with a lower m i t o t i c  index after exposure t o  20 g. 

8 g for 1 5  minutes and t o  20 g for 5 minutes had  about t he  same e f f e c t ,  

Xxposures t o  

with t h e  decrease i n  mi to t i c  a c t i v i t y  more pronounced a f t e r  t h e  20 g 

exposure. 

(b )  Combined e f f e c t  of acce le ra t ion  and r ad ia t ion .  I n  t h i s  ex- 

periment mice were exposed t o  100 r o f  X-rays a t  a r a t e  of 11 r/min. 

They were exposed t o  acce le ra t ions  of 8 g f o r  15  minutes and of 20 g 

&s 5 minutes 1 hour or 4 hours p r i o r  t o  i r r a d i a t i o n .  

were s a c r i f i c e d  1 hour, 4 hours, and 48 hours af ter  fkradhafiond 

The d a t a  obtained i n  these  experiments were compared with the  d a t a  

obtained a f t e r  X- i r rad ia t ion  w i t h  t h e  same dose. 

The animals 

/25 

One hour a f t e r  i r r a d i a t i o n  mi tos i s  was low both a f t e r  t h e  combined 

a c t i o n  and a f t e r  X-irradiat ion alone. Mi to t ic  a c t i v i t y  increased  there-  

a f t e r ,  but t he  process  w a s  much slower i n  a l l  t h e  experiments with the  



two f a c t o r s ,  i .e.,  wi th  cen t r i fuga t ion  1 and 4 hours before i r r a d i a t i o n  

and wi th  d i f f e r e n t  rates of acce lera t ion ,  i t  d id  not reach the  l e v e l  of  

m i t o t i c  a c t i v i t y  i n  t h e  cont ro l  on t he  second day, un l ike  t h e  experiment 

with i r r a d i a t i o n  alone. 

A comparison of t h e  r e s u l t s  of  t h e  experiment with i r r a d i a t i o n  

(100 r) alone with those of t h e  experiment with acce le ra t ion  of 8 g 

f o r  15 minutes followed by i r r a d i a t i o n  one hour l a te r  revealed a s ta t is t -  

i c a l l y  s i g n i f i c a n t  number of nuclear i r r e g u l a r i t i e s  60 minutes af ter  

i r r a d i a t i o n .  Four hours a f te r  i r r a d i a t i o n  t h e r e  w a s  a s i g n i f i c a n t  

decrease i n  both combined experiments 1 hour and 4 hours a f t e r  cen t r i -  

fugat ion.  Analysis showed t h a t  the decrease i n  number of nuclear  

i r r e g u l a r i t i e s  w a s  due t o  a decrease i n  the  frequency of t r u e  chromosomal 

a b e r r a t i o n s  - bridges and fragments. This w a s  c l e a r l y  evident  4 hours 

a f t e r  t he  combined experiments ended. On the  2nd day t h e  t o t a l  

number of nuclear  i r r e g u l a r i t i e s  both i n  t h e  combined experiments and i n  

t h e  experiment with i r r a d i a t i o n  alone approached t h a t  i n  t h e  cont ro l .  

I n  the  experiment with acce le ra t ion  of 20 g f o r  5 minutes followed 

by i r r a d i a t i o n  with 100 r 1 hour and 4 hours l a t e r ,  t he re  w a s  a sharper  

decrease i n  m i t o t i c  a c t i v i t y  i n i t i a l l y  (1 hour and 4 hours) than i n  

t h e  experiment with acce le ra t ion  of 8 g followed by i r r a d i a t i o n .  When 

t h e  animals were f irst  s a c r i f i c e d  ( 1 hour) ,  t h e  number of chromosome 

adhesions i n  t h e  combined experiments with i r r a d i a t i o n  1 and 4 hours 

w a s  h igher  t han  i n  the  experiment with i r r a d i a t i o n  alone. 

a f b  
A 

The frequency of a l l  t h e  chromosomal abe r ra t ions  was c lose  t o  t h a t  ob- 

served when the  100 r dose was used. However, t h e r e  w a s  a marked decrease 

i n  t h e  number of chromosome bridgee and some inc rease  i n  t h e  r a t e  of 

fragmentation as compared with the r e s u l t s  of r a d i a t i o n  alone. Subsequently 

( 4  n o u r s ) ’ t h e  nuinber of adhesions w a s  somewhat higher  i n  t h e  combined 
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experiment, but t h e  frequency of chromosomal abe r ra t ions  w a s  s i g n i f i c a n t l y  

lower than  a f t e r  i z * i d i a t i o n  alone. This decrease pe r s i s t ed  i n  t h e  com- 

bined experiments whether i r r a d i a t i o n  w a s  appl ied 1 hour or 4 hours a f t e r  

acce 1 e r a  t ion. 

On the second day, t h e  frequency of a l l  t h e  i r r e g u l a r i t i e s  i n  a l l  t h e  

experiments (combined and i r r a d i a t i o n  alone)  approached t h a t  i n  the  cont ro l .  

However, j u s t  as i n  the  combined experiment with a c c e l e r a t i o n  of 8 g, 

m i t o t i c  a c t i v i t y  remained lower i n  t h e  experiment with acce le ra t ion  of 20 g 

followed by i r r a d i a t i o n  than i n  the control .  A comparison of t he  r e s u l t s  

of acce lera t ionswi th  d i f f e r e n t  i n t e n s i t i e s  (8  g and 20 g )  followed 1 /L7 

hour and 4 hours l a t e r  by i r r a d i a t i o n  showed t h a t  i n  the  experiment with 

a c c e l e r a t i o n  of 8 g and i r r a d i a t i o n  1 hour l a t e r ,  t h e  t o t a l  number of 

irregularities observed during the f irst  two days t h e  animals were sac- 

r i f i c e d  w a s  much higher  than  i n  the experiment with a c c e l e r a t i o n  of 8 g 

and i r r a d i a t i o n  1 hour l a t e r .  '&en i r r a d i a t i o n  w a s  appl ied 4 hours after 

acce le ra t ion ,  t he  decrease was the same rega rd le s s  of t h e  i n t e n s i t y  

used hefore  i r r a d i a t i o n .  The r e s u l t  w a s  t he  same with regard t o  frequency 

of chromosomal abe r ra t ions  a f t e r  exposures of d i f f e r e n t  i n t e n s i t i e s ,  

as i s  evident  from Figs. 18 and 1 9 ,  A s  for adhesion o f  chromosomes, 

t h i s  i r r e g u l a r i t y  i n  the  combined experiments with acce le ra t ion -  of both 

8 g and 20 g p r i o r  t o  i r r a d i a t i o n  wac than  i n  the  experiment with 
*lye kW-+ 

i r rad ia t ion ,provided  t h a t  t he  l a t t e r  followed 1 hour a f t e r  cen t r i fuga-  

t i o n  (Fig,  20).  When i r r a d i a t i o n  w a s  appl ied 4 hours a f t e r  cen t r i fuga-  

o r  t i o n  o f  8 g  20 g, t h e  frequency of adhesions exceeded t h a t  

i n  the  con t ro l  only i n  the animals s a c r i f i c e d  a'honr l a t e r .  
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1 .  

Fig. 18. Percentage of chromosomal a b e r r a t i o n s  i n  mouse 
bone-marrow ce l l s  a f t e r  a c c e l e r a t i o r s o f  8 g and 
20 g followed 1 hour  l a t e r  by X i r r a d i a t i o n  w i t h  

1 - c e n t r i f u g a t i o n  with a c c e l e r a t i o n  of 6 g f o r  1 5  

2 - c e n t r i f u g a t i o n  with a c c e l e r a t i o n  of 20 g for 5 

3 - X i r r a d i a t i o n  with 100 r 

100 r 

minutes and i r r a d i a t i o n  wi th  100 r 

minutes and i r r a d i a t i o n  wi th  100 r 

1 - 1 hour 
2 - 4 hours 

4 - per iods  when animals were s a c r i f i c e d  
3 - 48 hours 

Q f 

I .  

- 0  

f 

Fig. 1 9 .  Percentage of  chromosomal a b e r r a t i o n s  i n  mouse 
bone-marrow c e l l s  a f t e r  acce le ra t io ruof  8 and 20 g 
followed 4 hours  l a t e r  by X i r r a d i a t i o n  with 100 r 
1 - c e n t r i f u g a t i o n  with a c c e l e r a t i o n  o f  20 g for 5 

2 - cen t r i fuga t ion  wi th  a c c e l e r a t i o n  of 8 g f o r  

3 - X i r r a d i a t i o n  with 100 r 

minutes and i r r a d i a t i o n  wi th  130 r 

1 5  minutes and i r r a d i a t i o n  with 100 r 

1-4 - same as i n  Fig. 18 
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- 
7. 

15 1 -  : 

Fig. 20. Frequency of chromosome adhesions ($) in mouse 
bone-marrow cells after acceleration of 8 and 
20 g followed 1 hour later by X irradiation 

1 - X irradiation with 100 r 
2 - centrifugation with acceleration bf 8 g for 

15  minutes and irradiation with 100 r 
3 - centrifugation with acceleration of 20 g for 

5 minutes and irradiation with 100 r 

with 100 r 

(c) Combined effect of vibration, acceleration and 350 r of radiation. 

hken investigating the combined effect of vibration or acceleration with&- 

radiation, the question arose of how long the decrease in radiatfon effect 

lasts and whether it occurs with large doses of radiation (350 r). 

To determine(. the effect of the combined action at later periods and 

after using a large dose of radiation, we performed experiments involving 

the use of vibration and radiation, acceleration and radiation, and 

radiation followed by either vibration or acceleration. The control Lg 
was mice exposed to vibration, acceleration,or radiation alone. 

Animals were vibrated under the following conditions: TOO cps with 

an amplitude of 0.005 mm for 60 minutes, resulting in an average accelera- 

tion of 10 g. 

Other animals were subjected to itacqleration of 10 g for 30 minutes 

on a centrifuge. 

X-irradiation with 350 r at the rate of 11 r/minute was carried out 
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24 hours a f t e r  v i b r a t i o n  or cent r i fuga t ion ,  o r  the animals were subjected 

t o  v i b r a t i o n  o r  cen t r i fuga t ion  24 hours a f t e r  i r r a d i a t i o n .  It w a s  t o  be 

expected t h a t  such a l a r g e  dose as 350 r would have a e f f e c t  
cfep W-5Sam+ 

soon a f t e r  exposure, e s p e c i a l l y  on such a s e n s i t i v e  organ as bone marrow. 

Obviously, devia t ions  i n  t h e  e f f e c t  of r a d i a t i o n  when combined with 

more d i s t i n c t l y  

some time a f te r  the  end of the experiment. Hence, un l ike  the  case i n  

t h e  e a r l i e r  experiments, t h e  animals were s a c r i f i c e d  3 ,  7, 15 ,  and 30 

days a f t e r  exposure. 

The methods of cytogenet ic  analysis of in jurw/ to  the  nuc le i  of 

bone-marrow c e l l s  were the same as those used i n  t h e  e a r l i e r  inves t iga-  

t i ogs .  A b io log ica l  con t ro l  w a s  employed a t  t h e  same time. 

On t h e  3rd day t h e r e  w a s  no decrease i n  frequency of nuc lear  ir- 

r e g u l a r i t i e s  i n  t h e  experiment with cen t r i fuga t ion  or v i b r a t i o n  before 

i r r a d i a t i o n  as compared with t h e  e f f e c t  o f  i r r a d i a t i o n  alone. 

quency o f  t r u e  shromosoma~ aber ra t ions  decreased s l i g h t l y ,  mainly owing 

The f r e -  & 

t o  a slower r a t e  of fragmentation. For example, whereas i n  t h e  ex- 

periment with i r r a d i a t i o n  alone (350 r)  the  percentage of fragments 

w a s  11.4, i n  t h e  experiment with a c c e l e r a t i o n  followed by 350 r of 

r a d i a t i o n  t h e  percentage of  fragments w a s  5.3, and i n  t h e  experiment 

with v i b r a t i o n  

However, on the  7 th  day t h e  t o t a l  number of i r r e g u l a r i t i e s  af ter  t h e  

followed by 350 r of  r a d i a t i o n  i t  w a s  7.1"/. 

combined a c t i o n  w a s  50$ below tha t  found a f t e r  exposure t o  i r r a d i a t i o n  

(350 r )  alone. 

combined a c t i o n ,  i .e. ,  

even more pronounced i f  t h e  frequency of t r u e  chromosomal a b e r r a t i o n s  

The d i f f e rence  was s i g n i f i c a n t .  The r e s u l t s  o f  t h i s  

ac tua l  decrease i n  r a d i a t i o n  e f f e c t ,  a r e  an 
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i s  compared because the  frequency of chromosome adhesions i n  both cases  

of combined a c t i o n  w a s  h igher  than i n  t h e  experiment with i r r a d i a t i o n .  

I n  t h e  experiment with i r r a d i a t i o n  the  frequency of t rue abe r ra t ions  

w a s  18.12$; i n  t h e  experiment w i t h  a c c e l e r a t i o n  of 10 g before i r r a d i a t i o n ,  

4.67%; i n  t h e  experiment with v ib ra t ion  followed by i r r a d i a t i o n ,  5.50% 

(Fig. 21). 

i n  t h e  experiment with preliminary v i b r a t i o n  (700 cps)  c h i e f l y  because of 

t h e  decreased frequency of fragmentation and chromosome bridges. On 

t h e  30th day the  r e s u l t s  of t h e  combined a c t i o n  and t h e  a c t i o n  of i r r a d i a t i o n  

alone were similar, but i n  a l l  t h e  experiments t he  number o f  nuclear  

d i s turbances  w a s  s t i l l  much higher than the  control .  

t h a t  i n  the  experiments with exposure t o  100 r of r a d i a t i o n ,  as e a r l y  

On the  15 th  day t h e  r ad ia t ion  e f f e c t  a c t u a l l y  decreased only 

(It w i l l  be r e c a l l e d  

as t h e  2nd day 

c o nt  r o 1). 

Fig. 2 

1 - 30 days 

. 

the  frequency of d i s turbances  w a s  t he  same as i n  t h e  

3r, 3 7 "b.. 

Percentage of chromosomal abe r ra t ions  i n  mouse 
bone-marrow c e l l s  af ter  a c c e l e r a t i o n  of 10 g o r  
v i b r a t i o n  a t  7RO sps followed by X i r r a d i a t i o n  

1 - i r r a d i a t i o n  with 350 r 
2 - v i b r a t i o n  a t  700 cps and i r r a d i a t i o n  with 350 I' 
3 - cen t r i fuga t ion  with acce le ra t ion  of I O  g and 

w i t h  350 r 

i r r a d i a t i o n  with 350 r 

2 - periods when ahimals were sac r i f i ced  
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dur,n 
This experiment confirmed our f i n d i n g u a r l i e r  per iods of s a c r i f i c e  

of animals on the decrease i n  r a d i a t i o n  e f f e c t  when exposure came 1 hour /30 
or 4 hours a f t e r  cen t r i fuga t ion  or  when t h e  100 r. I n  t h i s  

experiment t h e  decrease w a s  noted on the  7 th  and 15th  days. 

I n  t h e  second experiment of t h i s  s e r i e s ,  the  dynamic f a c t o r s  were 

appl ied  24 hours a f t e r  i r r a d i a t i o n  with 350 r. There w a s  h igher  m i t o t i c  

a c t i v i t y  than  i n  t h e  experiment with prel iminary acce le ra t ion  or vibra-  
on 

t i o n ,  e spec ia l lyd  %he f i rs t  period the animals were s a c r i f i c e d  on the  

t h i r d  day. There was a l s o  a decrease i n  the  r a d i a t i o n  e f f e c  

frequency of chromosomal aber ra t ions  a f t e r  t h e  combined a c t i o n  a s  com- 

pared w i t h  t h e  e f f e c t  of  r ad ia t ion  alone,  but t h i s  decrease w a s  i n s i g n i f -  

i c a n t  on t h e  3rd day and s i g n i f i c a n t  on the  7 th  day. On t h e  

15th  and 30th days t h e  e f f e c t  w a s  t h e  sam&hether a f t e q a d i a t i o n  alone 

or a f t e r  a combination of f a c t o r s ,  but i n  a l l  cases  it once aga in  exceeded 

t h e  frequency o f  nuclear  i r r e g u l a r i t i e s  i n  the  con t ro l  (Fig. 22) .  

The da ta  on chromosomal aber ra t ions  i n  the  bone-marrow c e l l s  o f  

mice exposed t o  cen t r i fuga t ion  or v i b r a t i o n  a r e  f u r t h e r  evidence t h a t  

these  agents  i n j u r e  the  nuc le i  by causing the chromosomes t o  adhere 

f a l s e  br idges and fragments- 
tC.uc Xc/b t o  Form / 

t oge the r  a n k s i b l y  

Accelerat ions of 8 g and 20 g f o r  t h e  same length  of time ( 5  minutes) 

reduced m i t o t i c  a c t i v i t y  below t h a t  i n  the  con t ro l ,  e s p e c i a l l y  a f t e r  

a c c e l e r a t i o n  of 20 g while increas ing  the  frequency of chromosome ad- 

hesions and aber ra t ions .  The main d i f f e rence  between the  e f f e c t s  of 

acce le ra t ions  of 8 g and 2 0  g i s  t h a t  t he  l a t t e r  reduced m i t o t i c  /31 
a c t i v i t y  more sharply.  



3 7 1s @ 3 
Fig. 22. Percentage of chromosomal abe r ra t ions  i n  mouse 

bone-marrow c e l l s  a f t e r  X i r r a d i a t i o n  with 350 r 
followed by acce le ra t ion  of 10 g o r  v i b r a t i o n  

a t  TOO cps 

1 - i r r a d i a t i o n  with 350 r 
2 - i r r a d i a t i o n  w i t h  350 r and cen t r i fuga t ion  

3 - i r r a d i a t i o n  w i t h  350 r and v i b r a t i o n  a t  TOO cps 
with acce le ra t ion  of 10 g 

1 - 30 days 
2 - periods when animals were s a c r i f i c e d  

The da ta  on the  combined ac t ion  revealed a r e l a t i o n s h i p  between 

mani fes ta t ion  of the r a d i a t i o n  e f f e c t  and the agents  t o  which the  

animals were subjected e i t h e r  before or a f t e r  i r r a d i a t i o n .  The 

r a d i a t i o n  e f f e c t  w a s  found t o  Pecrease more sharply i n  t h e  experiments 

with prel iminary cen t r i fuga t ion  or v i b r a t i o n  and l e s s  sharply i n  the  

experiments when these  agents  were appl ied a f t e r  i r r a d i a t i o n .  

I n  a l l  the  experiments with the  combined ac t ion ,  r ega rd le s s  of 

t h e  r a d i a t i o n  dose used, t he  r a d i a t i o n  e f f e c t  was reduced owihg t o  t h e  

decrease i n  frequency of t r u e  chromosomal aberration& . +&pent s. 
-4 a b o v e  z.k 

However, the  time when t h i s  pecul iar  e f f e c t  appeared. var ied both with 

the  time of  t h e  a c t i o n  p r i o r  t o  i r r a d i a t i o n  and with the  i n t e n s i t y  o f  

t h e  dynamic f a c t o r s  and r ad ia t ion  dose. 



I n  the  experiment with acce le ra t ion  of  8 g f o r  l'j minutes followed 

an hour l a t e r  by i r r a d i a t i o n  with 100 r, the  number of  chromosomal 

a b e r r a t i o n s  decreased 5076 wi th in  an hour. 

i n  t h e  experiment i n  which i r r a d i a t i o n  w a s  appl ied 4 hours a f te r  cen t r i -  

The same r e s u l t  w a s  obtained 

fuga t ion .  Mi to t ic  a c t i v i t y  i n  the combined experiments remained bwlow 

t h a t  i n  t h e  experiment involving i r r a d i a t i o n  alone. 

Accelerat ion of 20 g f o l l  %on with 100 r produced /32 

an analogous e f f e c t  on t h e  number of chromosomel abe r ra t ions ,  p a r t i c u l a r l y  

when t h e r e  w a s  a 4 hour i n t e r v a l  between t h e  two agents.  

I n  t h e  experiments with acce le ra t ion  of 10 g o r  v i b r a t i o n  a t  TOO cps 

followed by i r r a d i a t i o n  with 350 r, an a c t u a l  decrease i n  t h e  r a d i a t i o n  
d g t r  \ -  O,"Wy$ 

ef f e c k -  M e q u e n c y  of chromosomal abe r ra t ions  . only on t h e  

7 th  and 15 th  days af ter  i r r a d i a t i o n .  

- I n  t h e  case of combined ac t ions ,  where i r r a d i a t i o n  is. followed 
- 

by a dynamic f a c t o r ,  t h e  i n t e r v a l  between t h e  two as w e l l  as t h e  
i n  our experiment 

r a d i a t i o n  dose are highly s ign i f i can t .  Fo r  e>ample,Tthe i n t e r v r  

between i r r a d i a t i o n  with 350 r and a c c e l e r a t i o n  o f  10 g o r  v i b r a t i o n  a t  

700 C P S  was 24 hours. A s i g n i f i c a n t  decrease i n  t h e  r a d i a t i o n  e f f e c t  ~ 4 y : f i . g  by 
occurred 

t h e  frequency of t r u e  chromosomal abe r ra t ions  on t h e  

i n  which 7 th  day, v i n  an experiment by Demin c483, 

immediately followed i r r a d i a t i o n  with 100 r, i t  occurred af ter  5 hours 

and 2 days. 

v i b r a t i o n  a t  60 cps 

Radiation i n  doses of 100 r or s o  i s  known t o  depress and lengthen 

t h e  c e l l  cycle ,  while a dose of 200 r or more h a l t s  c e l l  d i v i s i o n  

temporar i ly  . We showed t h a t  cen t r i fuga t ion  and v i  b ra t  ion ,  e s p e c i a l l y  

with acce le ra t ion  o f  2 0  g, inf luence mi tos i s  i n  bone-marrow c e l l s .  
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'.then two depressants  are combined (e.g., r a d i a t i o n  and dynamic fi 
f a c t o r s ) ,  t h e  c e l l  cyc le  i s  extended even more and t h e  time W h C r l  

t h e  e f f e c t  i s  manifested v a r i e s  with the  i n t e n s i t y  o f  t h e  f a c t o r  and 

t h e  r a d i a t i o n  dose, e i t h e r  as soon as the  experiment i s  f i n f i h e d  o r  

a t  vary ing  i n t e r v a l s  t h e r e a f t e r .  However, i n  a l l  cases  t h e r e  are 

d e f i n i t e  effects ,  i.e., decrease i n  frequency of chromosomal a b e r r a t i o n s  

due t o  the  r a d i a t i o n  dose and adhesion of chromosomas. It may be t h a t  

t h e  adhesion of chromosomes caused by dynamic f a c t o r s  parCly he lps  t o  
~ subsequent_, 

hea l  t h e  breakages c s s u l t i n g  f r o n r r a d i a t i o n ,  thereby  reducing t h e  

p o s s i b i l i t y  of recombinations. On t h e  o the r  hand, when i r r a d i a t i o n  

precedes t h e  a p p l i c a t i o n  of Q f a c t o r ,  chromosome adhesion may prevent 

some a b e r r a t i o n s  from occurr ing  o r  i t  may promote t h e  h e a l i n g  of p o t e n t i a l  

breakages a r i s i n g  from rad ia t ion .  I n  e i t h e r  case t h i s  i s  suggested by 

t h e  decrease i n  fragments and chromosome bridges i n  a l l  t h e  experiments. 

The dgpelopment of  chromosome adhesion du r ing  t h e  2ndn3rd day 
cr 

af te r  c e n t r i f u g a t i o n  or v i b r a t i o n  and t h e  reduced e f f e c t  of r a d i a t i o n  

a f t e r  7 days apparent ly  mean t h a t  t h e  presynthegis  or s y n t h e s i s  stages 

of 3 N A  a r e  t h e  phases of the  c e l l  cyc le  t h a t  are most s e n s i t i v e  t o  

c e n t r i f u g a t i o n  o r  v ibra t ion .  However, i n  ana lyz ing  t h e  da ta  one must 

bear  i n  mind t h a t  such f a c t o r s  as a c c e l e r a t i o n  and v i b r a t i o n  impair  

t h e  normal physiology of animals i n  d i f f e r e n t  ways.c49, 501. Sovie t  

and f o r e i g n  i n v e s t i g a t o r s  c51, 52, 53, 54, 553 have shown t h a t  

a c c e l e r a t i o n  impai rs  r e s p i r a t i o n  and blood c i r c u l a t i o n  r e s u l t i n g  i n  

reduced v i t a l  capac i ty ,  acce le ra ted  r e s p i r a t i o n  r a t e ,  slowing of blood 

i n  mahmals, 

A 

flow, and decrease i n  pulmonary v e n t i l a t i o n .  The oxygen supply of f ia  

t i s s u e s  and organs i s  a l s o  impaired. It i s  p o s s i b l e  t h a t  t hese  changes 

42 



have some e f f e c t  on t h e  animals '  bone-marrow oxygen supply,  thereby 

reducing  t h e  r a d i a t i o n  e f f e c t .  Xiowever, d i s tu rbances  i n  t h e  

c e l l  need not ar ise  only from changes i n  oxygen uptake 

e s p e c i a l l y  s i n c e  oxygen pressure  i n  the  i n t e r c e l l u l a r  substance of bone 

marrow i s  very low (11 mm H g )  as compared wi th  that  i n  subcutaneous 

t i s s u e  ( 5 5  mm Hg) .  

It must a l s o  be remembered t h a t  impairment o f  t he  oxygen supply 

may g ive  r i s e  t o  r e f l e x e s ,  s p e c i f i c a l l y ,  t o  sharp  s t i m u l a t i o n  o f  t h e  

sympathetic systems wi th  t h e  l i b e r a t i o n  of  considerable  amounts of 

epinephrine and norepinephrine.  These two hormones a r e  known t o  have 

pronounced p r o t e c t i v e  a c t i o n  against  r a d i a t i o n ,  a l though they s t r o n g l y  

depress  mi tos i s .  The depressant  e f f e c t  p e r s i s t s  u n t i l  t h e  prophase s o  

t h a t  t h e  c e l l s  do not start mi tos i s ;  t hey  remain i n  t h e  stage prepara tory  

t o  mi tos i s .  

If such phys ica l  f a c t o r s  as c e n t r i f u g a t i o n  or v i b r a t i o n  are used, /'J* 
e s p e c i a l l y  wi th  great i n t e n s i t i e s ,  t h e  c e l l  appara tus  may be a f f e c t e d  

d i r e c t l y  - displacement of chromosomes, t h e i r  e j e c t i o n  f r o m  t h e  sp ind le ,  

and, f i n a l l y ,  adhesion of chromosomes i n  d i f f e r e n t  stages of  t h e  c e l l  

cycle.  

Thus, normal d i v i s i o n  may change e i t h e r  under t h e  in f luence  o f  t h e  

organism i t s e l f  due t o  hormonal and immunological a c t i o n  or a r t i f i c i a l l y  

because of a v a r i e t y  of phys ica l  and chemical f a c t o r s .  This  i s  ev ident ly  

t h e  r e s u l t  of depress ion  of some process  t h a t  p repares  t h e  c e l l  f o r  

d i v i s i o n  and in te r fe res  wi th  t h e  f u n c t i o n  of 

The du ra t ion  of t h e  a c t i o n  of the  f a c t o r s  or d i s r u p t i o n  of c e l l  metabolism 

may a l s o  l e a d  t o  prolongat ion of t h e  c e l l  cyc le ,  suppression of  DNA 
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s y n t h e s i s ,  and development of chromosomal abe r ra t ions .  

The foregoing  i n d i c a t e s  that t h e  d i f f e r e n t  phys io logica l  changes 

induced by a c c e l e r a t i o n  or v i b r a t i o n  may impair  c e l l  d iv i s ion?  which, 

i n  t u r n ,  may a l te r  t h e  e f f e c t  of r ad ia t ion .  

1. This r e p o r t  examines the  e f fec t  of acce le ra t ion ,  v i b r a t i o n ,  

i o n i z i n g  r a d i a t i o n ,  and t h e  combined e f f e c t  of dynamic and r a d i a t i o n  

f a c t o r s  on some func t ions  and oxida t ion  metabolism of the  c e n t r a l  

nervous system and on c e l l  d iv i s ion  i n  hematopoietic t i s s u e s .  

2. The hemodynamic f a c t o r  plays a p a r t  i n  t h e  r e a c t i o n s  of t h e  

c e n t r a l  nervous system t o  acce lera t ion .  Acce lera t ion  causes marked 

changes in4ce reb ra l  blood flow r e s u l t i n g  from t h e  i n t e r a c t i o n  of 

mechanical and phys io logica l  f ac to r s .  Cumulation i s  a f a c t o r  i n  

/35 

t h e  

these  r eac t ions .  Tra in ing  can increase  t h e  r e s i s t a n c e  of t h e  ce reb ra l  

blood flow. 

3 .  Vibra t ion  (7OOcps) induces changes i n  oxida t ion  metabolism 

and Eunct ional  s t a t e  of t h e  cen t r a l  nervous system. The ox ida t ion  

processes  i n t e n s i f y  dur ing  exposure but undergo phasic  changes i n  t h e  

a f t e r e f f e c t .  I n h i b i t i o n  w i t h  pa rab io t i c  phenomena develops i n  var ious  

d i v i s i o n s  of  t h e  nervous system under t h e  in f luence  of v ib ra t ion .  

4. Following t h e  combined a c t i o n  of v i b r a t i o n  and acu te  whole-body 

i r r a d i a t i o n  with l e t h a l  doses,  the  effect  of v i b r a t i o n  on t h e  ves t ibu lo -  

t o n i c  reflexes and ox ida t ion  processes i n  b r a i n  t i s s u e s  i s  gene ra l ly  

predominant soon a f t e r  exposure while t h e  e f fec t  of i r r a d i a t i o n  

i s  predominant a t  l a t e r  per iods.  Changes i n  t h e  l a t e n t  per iod o f  t h e  

defense f l e x o r  r e f l e x  are charac te r ized  by predominance of t h e  
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e f f e c t  of v i b r a t i o n  or r a d i a t i o n  i n  d i f f e r e n t  groups of animals. 

5 .  I n  cases  where t h e  e f fec ts  o f  i r r a d i a t i o n  and v i b r a t i o n  were 

i n  opposi te  d i r e c t i o n s ,  t h e r e  was considerable  va r i e ty .  There were 

in s t ances  i n  which t h e  r e s u l t  of the combined a c t i o n  was i n  between 

t h e  effects of each of t h e  f a c t o r s  s epa ra t e ly  ( t h e  l a t e n t  period of t h e  

defense r e a c t i o n  t o  t h e  weak stimulus).  Sometimes the  d i r e c t i o n  of 

t he  r e a c t i o n  t o  the combined f a c t o r s  r e f l e c t e d  t h e  v i b r a t i o n  e f f e c t  

while the  dynamics of the  reac t ions  dupl icated t h e  p a t t e r n  of the  

/71 

r eac t ions  t o  i r r a d i a t i o n  (change i n  background b i o e l e c t r i c  a c t i v i t y  o f  

t h e  muscles) , 

6 .  The changes i n  oxidat ion processes  i n  b ra in  t i s s u e s  under t h e  

inf luence  of v i b r a t i o n  and i r r a d i a t i o n  were i n  t h e  same d i r ec t ion .  

But t h e r e  w a s  no summation of t h e  e f f e c t s  when both f a c t o r s  were combined. 

7. Accelerat ions of 8, 10, and 20 g o r  v i b r a t i o n  a t  TOO cps 

cause i r r e g u l a r i t i e s  i n  mouse bone-marrow c e l l  d i v i s i o n  i n  t h e  form of 

chromosome adhesions and s l i g h t  increase i n  frequency of abe r ra t ions  , 

The dynamic space f l i g h t  f a c t o r s  mPhotie aob iv i ty  i n  bone- 
reduce 

marrow c e l l s  compared w i t h  &ha% i n  the  con t ro l ,  and t h e  e f f e c t  may p e r s i s t  

f o r  30 days. The dynamic f a c t o r s  and i r r a d i a t i o n  inf luence bone-marrow 

c e l l  d i v i s i o n  i n  t h e  same way. However, when two f a c t o r s  a r e  combined, 

t h e  r a d i a t i o n  e f f e c t  decreases,  

80 The combined a c t i o n  o f  acce le ra t ions  of 8 or 20 g followed by 

i r r a d i a t i o n  with 100 r r e s u l t s  i n  a marked crease  i n  the r a d i a t i o n  e f f e c t  

judging by t h e  frequency o f  chromosomal a b e r r a t i o n s  when analyzed 1 hour 

and 4 hours l a t e r .  

f e s t a t i o n  of t h i s  decrease i n  e f f e c t ,  time of a c t i o n  p r i o r  t o  i r r a d i a t i o n  

There i s  a d e f i n i t e  r e l a t i o n s h i p  between the  m a n i -  

45 



. 
s- 

(1 hour o r  4 hours) ,  and i n t e n s i t y  of t h e  dynamic f a c t o r ) .  

9. The combined e f f e c t  o f  acce l e ra t ion  of 10  g o r  v i b r a t i o n  a t  
r a d i a t i o n  

700 cps before i r r a d i a t i o n  with a dose of 350 r reduces t h k d  
d Q d q ( m Q  b y  

t h e  number of chromosomal a b e r r a t i o n s )  7 and 1 7  days /38 
a f t e r  i r r a d i a t i o n .  

10. If a c c e l e r a t i o n  of 10 g o r  v i b r a t i o n  at 700 cps fol lows 

i r r a d i a t i o n  with 350 r, a less  pronounced decrease i n  t h e  r a d i a t i o n  

e f f e c t  occurs only on t h e  7 th  day a f t e r  t h e  experiment i s  over. 

11. Cytological ana lys i s  made a f t e r  1 month i n  experiments 

wi th  combined a c t i o n  revealed an  a c t u a l  i nc rease  i n  t h e  frequency of 

nuc lear  i r regular i t ies  as compared wi th  t h e  c o n t r o l ,  an  i n d i c a t i o n  

of t h e  p e r s i s t e n c e  of r a d i a t i o n  inh ib i t i on .  

12. A combination of dynamic f a c t o r s  and i r r a d i a t i o n  produces 

complex and va r i ed  e f f e c t s .  These cannot be p red ic t ed  f r o m  a knowledge 

of  the e f f e c t  o f  each of these  f a c t o r s  when appl ied  sepa ra t e ly .  Jhen 

a dynamic f a c t o r  and i r r a d i a t i o n  have u n i d i r e c t i o n a l  e f f e c t s ,  t h e r e  

may be an  absence o f  summation of t h e  e f f e c t  or even a s i g n i f i c a n t  

weakening o r  d i s t o r t i o n  of  t h e  r a d i a t i o n  r eac t ions .  idhen t h e  e f f e c t s  

are m u l t i d i r e c t i o n a l ,  weakening or i n t e n s i f i c a t i o n  o f  t h e  e f f e c t s ,  

predominance of t h e  dynamic or r a d i a t i o n  f a c t o r ,  complex Combination 

of e f fec ts ,  e t c .  are possible .  

13. The v a r i e t y  and complexity of t h e  r e s u l t s  of combining 

dynamic f a c t o r s  and i r r a d i a t i o n  stem f r o m  t h e  numerous mechanisms 

o f  combined ac t ion .  The oxygen e f f e c t  p lays  an  important p a r t  i n  t h e  

combined a c t i o n  of t h e  f a c t o r s  f n . q u e s t i o n  on t h e  processes  of c e l l  

d i v i s i o n  and on t h e  r eac t ions  of t he  c e n t r a l  nervous system. I n  add i t ion ,  



c 

t h e  d i r e c t  a c t i o n  of t h e  dynamic f a c t o r s  on t h e  chromosomes and t h e  /39 
i n d i r e c t  i n f luence  o f  changes i n  some phys io log ica l  func t ions  have an  

important  b e a r i n g  on t h e  changes i n  c e l l  d i v i s i o n .  The r e a c t i o n  of t h e  

central  nervous system t o  combined a c t i o n  i s  g r e a t l y  inf luenced  
a 

by p r o t e c t i v e  i n h i b i t i o n ,  o r i g i n  o f  dominant f o c i ,  p a r a b i o t i c  phenomena, 

and some o t h e r  f a c t o r s .  
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